Isoamyl acetate is one of the most important components of the sake flavor. Recently, many reports1~5) have appeared on the biosynthesis of isoamyl acetate from isoamyl alcohol through the catalysis of alcohol acetyltransferase (AATase). Wereported1} that the production of isoamyl acetate depended highly on the concentration of isoamyl alcohol and the activity of AATase, because enough acetyl-CoA, another source for isoamyl acetate production, existed in the Saccharomyces cerevisiae cells.
AATaseis unstable as to high temperature,1} therefore, low temperature fermentation is required to increase the isoamyl acetate concentration when brewing ginjoshu, a special grade of sake with an excellent flavor. Yoshizawa et al.6) proposed lipase treatment of rice, which enhances the AATaseactivity by removing unsaturated fatty acids, before fermentation. This is based on the fact5) that unsaturated fatty acids inhibit AATasein the cell membrane. We also reported7) that the addition of glucoamylase during the fermentation process increased the concentration of isoamyl acetate. But in none of these cases was the isoamyl acetate concentration obtained sufficient for a flavor component.
There are two major routes for the biosynthesis of isoamyl alcohol. One is via a-keto isocaproate in the pathway of L-leucine synthesis from glucose ( Fig. 1) . The other is the so called Ehrlich mechanism8) from L-leucine in rice and koji through transamination. In sake fermentation, a decrease in isoamyl alcohol production with the L-leucine synthesis pathway is caused by inhibition by accumulated lleucine. Because the activity of a-isopropylmalate synthase9) (a-IPM synthase), among the enzymes used for L-leucine synthesis, is feedback inhibited or repressed by the accumulated L-leucine. From these facts, it is supposed that mutants released from inhibition of a-IPM synthase by L-leucine would produce sufficient isoamyl alcohol. Ylanen10) selected mutants that produced sufficient isoamyl alcohol using norvaline, an analogue of L-leucine. But they did not mention the formation of isoamyl acetate and did not explain the mechanism for getting rid of the feedback inhibition and the repression of a-IPM synthase by accumulated L-leucine.
Ouchi et al.n) reported that they selected mutants by the same procedure from Saccharomyces cerevisiae RIB 6006 using norvaline and norleucine, but they could not ob- haploids, Gl101(a), Gl103(a) and RIB 6006, were used as sake yeasts. Saccharomyces cerevisiae OC-2, Saccharomyces cerevisiae Kyokaishochu-2 and Saccharomyces uvarum IFO 0565 were also used as wine, shochu and beer yeasts, respectively.
Isolation of mutants resistant to the analogue. The cells were suspended in 5ml of 0.2m phosphate buffer, pH 8.0, containing 2% glucose, and then 0.25ml of ethyl methanesulfonate (EMS) was added to this suspension. After 60 minutes gentle shaking at 30°C, 0.5ml of the suspension was spread on a YNBagar plate (0.67% Difco yeast nitrogen base, 2% glucose, 2% agar) containing 1 mM5,5,5-trifluoro-DL-leucine.
The colonies that developed on the agar plate were isolated as mutants resistant to the analogue of L-leucine.
Screening of mutants producing sufficient isoamyl acetate. All the resistant mutants were cultured in the YM liquid medium (5% glucose, 0.5% polypeptone, 0.3% yeast extract, 0.3% malt extract) for two days at 30°C. The flavor components of the broth were measured by head space gas chromatography.
Fermentation test. In the case of sake, an ordinary grade of rice (Nihonbare) was used with a polishing ratio of 72%, and the sake mash was composed of 1040g of steamed rice, 240g of rice koji and 1400ml of water. The yeast cultured in YMliquid mediumwas added at the concentration of 1.4 x 107 cells/ml and then the mash was fermented at 15°C.
In the case of wine, Koshugrapes were used. 1430g of grapes were crushed and pressed, and one liter of juice was Thirty five colonies were isolated as analogue resistant strains. These strains were subjected to the following screening. Table I shows the results of the first screening. All the selected strains produced muchhigher concentrations of isoamyl alcohol and isoamyl acetate than the wild strain. These mutants are supposed to be free from inhibition of a-IPM synthase by accumulated lleucine. F-3 and F-7 were used for the following fermentation test since they produced the highest concentrations of isoamyl acetate among the mutants obtained.
Sake fermentation test
Smooth fermentations were performed using the wild, F-3 and F-7 strains. Figure 2 shows the changes in the concentrations of isoamyl alcohol and isoamyl acetate on sake fermentation. Sufficient isoamyl alcohol and isoamyl acetate were produced by both the F-3 and F-7 strains. The isoamyl acetate content had already reached 20 ppm at 5 days. Table II showsthe results of analysis of crude sake. The concentration of alcohol was not so high because the amount of water added initially was C, control; F, feedback inhibition; R, repression. The-a-IPM synthase activity in a control is taken as 100%. 
Investigation of the release from inhibition
The addition of 5mML-leucine completely inhibited a-IPM synthase activity in the wild strain. On the other hand, the activity of a-IPM synthase in F-3 and F-7 was not inhibited by the addition of 5mM L-leucine (Fig. 3) . When the cells were grown with 5 mML-leucine and L-threonine, the activity of a-IPM synthase in the three strains was repressed by 60~70%. These results indicate that the release from inhibition is not caused by the repression but by the feedback inhibition by lleucine.
Mating experiment
The mutant strains, F-3 and F-7, were assumed to be dominant in diploids because they contained a-IPM synthase insensitive to L-leucine. We performed mating experiments to confirm the dominance of these mutants. Figure 4 shows the mating experiment scheme. F-3-3(a, met), F-7-22(a, met) and G1503(a, his) were isolated from F-3, F-7 and G1101, respectively. Then, M-3 and M-7 were obtained as shown in the scheme. The M-3 and M-7 strains produced almost equal amounts of isoamyl alcohol to F-3 and F-7 in the frementation test (Table III) . These results indicate that the gene involved in mutants producing sufficient isoamyl alcohol is dominant and that i t is possible to also obtain strains producing sufficient isoamyl acetate from the diploid easily. Wetried to obtain similar mutants from sake, wine, shochu and beer yeasts as diploids. All these mutants showed high isoamyl alcohol productivity on the YMmedium. Table IV shows the results of the fermentation test using the mutants isolated from sake yeast (RIB6002, RIB6006). These superior mutants were stable on transfer for cultivation for more than fifteen times.
Wine fermentation test
Winewas madeusing the resistant mutant (OC-2-F) isolated from Saccharomyces cerevisiae OC-2. Table V shows the results of the fermentation test with the mutant. The con- wine obtained with OC-2-F also had an excellent fruity flavor. There was little difference in alcohol content between them. We consider that mutants resistant to the analogue of L-leucine can be used not only for sake production but also for the production of other alcoholic beverages such as wine, shochu and beer. We assumed that 5,5,5-trifluoro-DLleucine is one of the most appropriate analogues for isolating desirable mutants.
The concentration of isoamyl alcohol in crude sake produced with F-3 and F-7 had increased approximately four times, and the concentration of isobutyl alcohol decreased by one-third compared with in the wild strain. This indicates that the feedback inhibition of a-IPM synthase by accumulated L-leucine is decreased in the mutants, so that more aisopropyl malate can be synthesized instead of isobutyl alcohol from a-keto isovalerate.
The increase in isoamyl acetate coincided with the increase in isoamyl alcohol. This supports the hypothesis in our previous paper1* that the production of isoamyl acetate depends highly on the isoamyl alcohol concentration.
The mutation in F-3 and F-7 seems to occur on the structural gene for a-IPM synthase and to be dominant. This means that desirable mutants can be obtained directly from the diploids, i.e., the wild strains. In practice a large number of mutants producing sufficient isoamyl acetate could be isolated from diploid strains used for the brewing of various kinds of alcoholic beverages. The use of yeast diploids is of great advantage for practical brewing. In the case of brewers yeasts, since the ability of spore formation is poor, the isolation of their haploid strains is not easy. Even if haploids are obtained, they cannot be applied for practical brewing.
In brewing sake, highly polished rice and low temperature fermentation have been required so previously to obtain a sufficient concentration of isoamyl acetate. By using mutants resistant to 5,5,5-trifluoro-DL-leucine, an excellent sake flavor can be obtained even on ordinary fermentation.
